By their release of organic acids, they play important roles in plant nutrient uptake, especially of Fe, P, Zn, and B. The release of organic acids by the rhizosphere decreases the soil pH, and low soil pH converts insoluble forms of plant nutrients (Fe, Zn, P, and B) to soluble forms that are usable by plants. Organic acids such as malonic, acetic, oxalic, glycolic, and formic acids contribute to the acquisition of phosphorus, calcium, iron, zinc, and manganese by plants growing in low available nutrient soils (Ohwaki and Hirata, 1992; Marschner, 2011) . Studies have shown that nutrient uptake ability in apricot, apple, cherry, citrus, mulberry, pear, raspberry, and strawberry is affected by IAA, GA 3 , ACC-deaminase, and siderophore-producing rhizobacteria (Esitken et al., 2003 Köse, 2003; Ozturk et al., 2003; Orhan et al., 2006; Aslantaş et al., 2007; Ipek et al., 2014; 2017a , 2017b Arikan and Pirlak, 2016) . On the other hand, the main N-containing compounds, which are nitrate and amino acids, are transported by the xylem from the shoot to the leaf. The N content in the leaf and root is an indicator of amino acid content (Zimmermann, 1960) .
There are limited studies about the effects of PGPR on organic acids and amino acids in plants, although there are numerous studies about PGPR abilities, such as promoting plant growth and development, synthesis of plant hormones, N-fixation, P-solubilization, and mineral uptake. The aim of the present study was to determine the effects of PGPR on raspberry plant nutrient content and organic and amino acid composition.
Materials and methods

Pot experiments
Pot experiments were carried out using the raspberry cultivar 'Heritage' , which grows fruits on primocanes, and were planned according to a completely randomized design. In the experiment, there were three replicates per treatment and ten raspberry plants per replicate; in total, 210 plants were used in the experiment. Thirty-liter pots were filled with a mixture of 3 peat:1 perlite:1 sand ratio. Bacterial treatments were applied to the plant roots by the dipping method (Ipek et al., 2014) . The plant roots were inoculated with the bacterial suspension 30 min prior to planting in the pots. The bacterial suspension was prepared at 10 9 CFU mL L -1 for the treatments. The control plants' roots were dipped into sterile water for 30 min. After planting, the bacterial suspensions were reapplied in June, July, and August of 2015. In addition, bacterial suspensions were also applied in May, June, July, and August of 2016. In both years of the experiment, plant nutrient content, organic acid content, and amino acid content were measured. After the first year, 15 plants in each treatment were removed from the pots for root analysis. The remaining plants were used in the second year of the experiment for leaf and root analysis.
Bacterial strains, culture conditions, and treatments
The bacterial strains Alcaligenes 637Ca, Staphylococcus MFDCa1 and MFDCa2, Agrobacterium A18, Pantoea FF1, and Bacillus M3 were obtained from Yeditepe University (Dr Fikrettin Şahin; personal communication) and Iğdır University (Dr M Figen Dönmez; personal communication) . The 637Ca, A18, MFDCa1, and MFDCa2 strains were reported to be soluble in a carbonate buffer, and M3 and FF1 were reported to be soluble in a phosphate buffer in in vitro culture conditions (Orhan et al., 2006; Karakurt and Aslantaş, 2010) . These bacterial strains are used as biofertilizers and plant growth promoters for horticultural plant species such as apple, apricot, cherry, grape, pear, raspberry, sour cherry, and strawberry (Sudhakar et al., 2000; Esitken et al., 2003 Esitken et al., , 2006 Köse, 2003; Orhan et al., 2006; Aslantaş et al., 2007; Pırlak and Köse, 2009; Ekinci et al., 2014; Ipek et al., 2014 Ipek et al., , 2017a Ipek et al., , 2017b Arikan and Pirlak, 2016) .
The bacterial strains were stored in 15% glycerol at -86 °C until use. A single bacterial colony was taken from a bacterial culture that was grown on nutrient agar. Then it was transferred to flasks containing liquid nutrient broth (NB) and grown aerobically on a shaker rotating at 95 rpm for 1 day at 27 °C. The suspension of bacteria was diluted with sterile distilled water to a final concentration of 10 9 CFU mL -1 .
Plant nutrient element analysis
For leaf nutrient element analysis, leaves on the middle of the shoot were sampled in September in both experimental years. To dry the samples, the leaves were placed in an oven at 68 °C for 48 h and then ground with a mortar and pestle. The micro-Kjeldahl procedure was applied for the determination of N (Bremner, 1996) ; macroelement and microelement contents were determined after wet digestion of dried and ground subsamples using a HNO 3 -H 2 O 2 acid mixture (2:3 v/v) in three steps (step 1: 145 °C, 75% RF, 5 min; step 2: 180 °C, 90% RF, 10 min, and step 3: 100 °C, 40% RF, 10 min) in a microwave oven (Berghof Speedwave Microwave Digestion Equipment MWS-2; Berghof, Eningen, Germany). Inductively coupled plasma mass spectrometry (Optima 2100 DV, PerkinElmer) was then used to determine the P, K, Ca, Mg, Na, Fe, Mn, Zn, Cu, and B content (Mertens, 2005) .
Leaf and root organic acid composition
Fresh leaf and root samples were picked from 1.0-1.5-cm shoot tips and the roots of the saplings. They were transferred to the laboratory on ice. To analyze the organic acid composition of the leaf and root, 1-g fresh leaf and root samples were homogenized with 10 mL of distilled water. After the homogenization phase, samples were centrifuged at 1200 rpm for 50 min. The supernatants were filtered and subjected to high-performance liquid chromatography (HPLC) using a Zorbax Eclipse-AAA 4.6 × 250 mm, 5 µm column (Agilent 1200 HPLC) at 220 nm. Flow speed was 1 mL min -1 and the column temperature was 25 °C. Organic acids were determined by using 25 mM potassium phosphate (pH 2.5) as the mobile phase (İpek et al., 2017b) .
Leaf and root amino acid composition
Fresh leaf and root samples were homogenized with 0.1 N HCl and incubated for 12 h at 4 °C. After incubation, the samples were vortexed. The samples were then centrifuged at 1200 rpm for 50 min. The supernatants were filtered via a syringe filter with a 0.22-µm pore size. The supernatant that was transferred to fresh vials was analyzed via HPLC according to the methods of Aristoy and Toldra (1991) , Antoine et al. (1999) , and Henderson et al. (1999) . Zorbax Eclipse-AAA 4.6 × 150 mm, 3.5 µm columns (Agilent 1200 HPLC) were used, readings at 254 nm were recorded, and the amino acids were identified by comparison with standards. Amino acids were quantified as nmol µL -1 after a 26-min derivation process by HPLC.
Statistical analysis
All data were analyzed using one-way analysis of variance (ANOVA) and significant differences among the means were compared by Duncan's multiple range test at P = 0.05 level using SPSS 23.0 (SAS Inc., Cary, NC, USA). The data were pooled to evaluate the entire 2-year study because no significant differences were found between the years.
Results
The results of the present study are given in Tables 1-6 . The tables illustrate the effects of six bacteria strains and the control treatment on nutrient content and organic and amino acid composition of the raspberry cultivar "Heritage".
The nutrient content of leaf and root
The separate bacterial treatments compared with the control treatment had the highest nutrient content in both leaves and roots. The 637Ca treatments showed the best results among bacterial strains based on the leaf and root nutrient content. The N content in leaves and roots was 2.55% (A18) and 1.61% (MFDCa2), respectively. The A18 treatment increased the N content by approximately 14% compared to the control, while MFDCa2 increased it by 15%. The phosphorus content was 0.36% (in leaf) and 0.31% (in root) in raspberry plants treated with the M3 bacterial strain. The leaf and root K content in raspberry plants treated with 637Ca was 1.95% and 1.22%, respectively. The M3 bacteria strain increased the Ca content in leaves (1.16%), while 637Ca increased the root Ca content to 0.74%. The Mg content of leaves had the highest value after 637Ca treatment at 0.17%, while MFDCa1 treatment resulted in the highest value in roots at 0.1%. The Na content of leaves and roots were similar. In leaves, the highest Na content was measured after 637Ca (0.06%) treatment, while A18 gave the highest Na content in roots at 0.06%. , respectively. The boron content in leaves was higher after A18 at 9.04 mg kg -1 than the other treatments. In the roots, the B content was higher after MFDCa1 treatment at 9.37 mg kg -1 than the other bacterial treatments (Tables 1 and 2) .
The organic acid composition of leaf and root
The rhizobacterial treatments generally increased the amount of organic acids significantly compared to the control in leaves and roots (Table 3 ). The bacterial treatments increased organic acids from 1% to 21% compared with the control without oxalic acid and succinic acid. The control treatment gave higher concentrations of oxalic acid (1.13 ng µL (Tables 3 and 4) .
The amino acid composition of leaf and root
The PGPR treatments affected the amino acid contents of the raspberry plants. Generally, a bacterial strain was (Tables 5 and 6 ). The FF1 treatment was more effective than the other bacterial strains in terms of aspartate, asparagine, glutamine, valine, and phenylalanine content in the roots, and glutamate, alanine, tyrosine, cysteine, valine, phenylalanine, isoleucine, and hydroxyproline content in the leaves. On the other hand, MFDCa1 application increased aspartate, histidine, threonine, leucine, and sarcosine in the leaves, and arginine, tyrosine, methionine, isoleucine, and sarcosine in the roots. According to the concentrations of amino acids in both leaves and roots, the 637Ca, MFDCa2, M3, and A18 treatments were followed by FF1 and MFDCa1. The organic acid concentration in the leaves and roots of raspberry plants treated by PGPR increased from 0.04% to 27.1% compared with the control plants.
Discussion
The increasing demand for food has directed farmers to employ new growing techniques. They use synthetic chemicals, fertilizers, and pesticides to increase food production, which is a challenge in today's agriculture. PGPR have been proven to be an environmentally friendly way of increasing crop yields by facilitating plant growth. The features of PGPR in the present study positively affected plant nutrient elements of the raspberry cultivar "Heritage". Similar findings confirming the results of this study have been reported for other plant species such as pear, strawberry, raspberry, tomato, and pepper (Orhan et al., 2006; Karakurt and Aslantas, 2010; Ipek et al., 2014 Ipek et al., , 2017b Seymen et al., 2015a Seymen et al., , 2015b Arikan and Pirlak, 2016) . All PGPR strains increased leaf and root mineral content. Previous studies have demonstrated that M3 treatment increased P content (Çakmakçı et al., 2001; Elkoca et al., 2007; Esitken et al., 2010) . This increase may have resulted from the P solubilization ability of the M3 bacterial strain. The nutrient content of leaf increased by 0.9%-47.5% while the nutrient content of root increased by 0.26%-73.19% in plants inoculated with bacteria compared with the control. The bacterial strains A18 and FF1, whose N fixing ability has not been reported, increased N content in leaves by about 14% and 12%, respectively. In addition, A18 and FF1 increased the B content of leaves by 47% and 32% compared to the control. Our results showed that bacterial strains may have different effects on plant nutrient element content in different plant species or cultivars.
The bacterial strains used in the present study were tested for the organic acid composition of pear (Ipek et al., 2017b) , peach (Arıkan et al., 2018) , and apple (Aras et al., 2017) leaves in high lime-containing soil. These bacterial strains increased leaf organic acid content and resulted in increased plant nutrient elements. The bacterial strain MFDCa2 was more effective among bacteria strains in both the present study and previous studies in pear and peach. These bacterial strains increased leaf organic acid content 0%-21.42% and root organic acid content 0%-19.30%. The increase in inorganic acid content resulted in increased plant nutrient elements, especially Fe content, FC-R activity, and active Fe content in pear, peach, and apple leaves (Aras et al., 2017; Arıkan et al., 2018; Ipek et al., 2017b) . Plants synthesize all 20 common amino acids for protein synthesis. The key elements of an amino acid are carbon, hydrogen, oxygen, and nitrogen. The principal N compounds transported from roots to shoots and leaves via the xylem are nitrate and amino acids. The percentage of nitrate-N in xylem sap depends on the plant species, growth stage, and environmental conditions (Bollard, 1960) . While nitrate is a major transported form of N, the roots are the main site of nitrate reduction for higher plants (Lewis, 1991) . Asparagine and glutamine are the major amino acids transported through xylem vessels. The major N compounds in the phloem are also amino acids. A wide range of amino acids is detected in phloem sap, including glutamine and asparagine (Bollard, 1960) . The amino acids produced by PGPR might promote plant growth, yield, and nutrient uptake under different growth conditions. There are limited studies about the amino acid content of leaves and roots affected by PGPR treatments. The present study showed that the bacterial strains increased N content in the leaves and roots. The increased N content in the leaves and roots of raspberry plants indicates that the amino acid content is increased (Zimmermann, 1960) . The N content of the leaf or root was increased compared with the control of all PGPR strains in the present study and resulted in increases in the amino acid content of leaves and roots. The amino acid content in the leaf increased 0.3%-27% while the root amino acid content increased 0%-22.32%. Similar amino acid results have been reported in potato (Belimov et al., 2015) , cauliflower (Ekinci et al., 2014) , and wheat (Kudoyarova et al., 2014) .
In conclusion, our results demonstrated that the PGPR bacterial strains Alcaligenes 637Ca, Agrobacterium A18, Staphylococcus MFDCa1, Staphylococcus MFDCa2, Bacillus M3, and Pantoea FF1 could be used in sustainable agricultural production. These bacterial strains can increase plant growth and might reduce the cost of synthetic mineral fertilizers. Reduced use of commercial synthetic fertilizers may also decrease the harmful effect of synthetic fertilizers on agricultural areas and the environment. The use of PGPR as fertilizer may become widespread in the next 10 years.
